The purpose of this study is to provide a proximity composting plant at a nursery. The disposal of pruning is an economic burden for farms. This paper shows that the reuse of pruning for composting and producing substrates for the nursery is an efficient procedure to reduce the environmental load and obtain quality ornamental plants. After a spatial analysis on the availability of pruning in a sample area, we have arranged, at a research partner's nursery, a plant for proximity composting. Using the collected data, a life cycle assessment (LCA) analysis was prepared for the compost and substrates. Agronomic tests, whose results will be published later, were conducted on four Mediterranean ornamental species. A comparison between the agronomic and environmental results shows that proximity composting is a convenient practice that significantly reduces the environmental load of substrates.
Introduction
In recent decades, the relationship between agriculture and territory has changed significantly, due to the increasing use of natural resources, energy and synthetic materials (fertilisers, agrochemicals, plastics) in the growing process. [10] . Agricultural activities on rural land exert environmental pressures that alter quality and quantity of natural resources, and cause impacts on ecosystems and human health [25] . The changes exerted by agriculture on ecosystems are represented by the consumption of renewable and non-renewable natural resources [3, 90, 91, 92] , as well as the environmental release of pollutants such as waste, animal waste and emissions [15] . In Italy, agriculture accounts for 60% of water consumption, 25% of particulate matter, 10% of greenhouse gas emissions and 1.8% of energy consumption [13, 20] . Worldwide, about 25% of highway transportation is connected with vegetable or food production. Additionally, the agricultural sector uses about 70% of the available fresh water in the world [50] . Therefore, fuel consumption and emissions related to agriculture contribute to altering the state of the environment, which is understood as the interactions between natural, chemicalphysical, landscape, and anthropogenic components. The European agri-food sector accounts for 20-30% of the overall environmental impact with regard to global warming, acidification, the formation of photochemical smog and eutrophication [79, 72] . In this context, the agricultural sector has been the subject of community policies aimed at reducing the environmental impact of processes and products in terms of sustainable agricultural development. The recent European legislative measures are characterised by the strong integration of environmental concerns into agricultural and rural development policy. In this context, individual farms can play an important role by implementing agro-biological, technical, and managerial interventions aimed at improve their environmental performance and the sustainability of cultivation processes and food products. For a farm to be called "sustainable", it has to ensure food production of adequate quality, use minimal non-renewable resources, conserve agro-ecosystems, preserve the agricultural soil in its biotic and abiotic resources and be socially responsible in the long term [60] . Improving the sustainability of farms is also a prerequisite for obtaining environmental certification [39, 27, 89] , which gives food products an objective ecological value that is recognisable and spendable in a market that is increasingly attentive to environmental issues [48] . Regarding environmental pressures, the Italian agro-industrial sector contributes significantly to the greenhouses sector, even though it occupies a limited portion of land (40,000 ha) [71; 54; 65] . Recent environmental analyses have shown that energy inputs, plastics, manufacturing facilities and the consumption of resources required for producing floricultural greenhouses create environmental burdens that are not negligible in the territory [43; 64] but can be mitigated by with agro-biological interventions and innovative structures and systems. The greenhouse sector is therefore involved in the innovative drive to reduce the use of energy and non-renewable resources in the agricultural sector, so that the sustainability of cultivating the products can be enhanced. The results of some life cycle assessments (LCAs) regarding floriculture cultivation in greenhouses show that the environmental loads are largely due to thermal plants that are fuelled by fossil fuels, the use of fertilisers and plastic pots as well as the use of products with substrates based on peat mixtures [68; 67; 1] that are widely used in Mediterranean countries [34; 23, 6; 44] . The extraction of peat imported into Italy from Northern and Central Europe, which is necessary for growing media, causes significant negative impacts on ecosystems due to the depletion of peatlands and natural habitats, which affects the survival and reproduction of bird wildlife. [70, 6, 35, 51] . Moreover, a report published by the European Commission [28] emphasises the crucial importance of the soil and, therefore, also of peatlands in mitigating climate change as elements that absorb carbon from the atmosphere (as carbon sinks). Therefore, peat-based growing media influences climate change, the quality of ecosystems and abiotic resource consumption [58, 22] . These impacts are due to extraction of peat, both during the transport and disposal stages. In particular, the extraction phase has a strong impact on resource consumption, the quality of ecosystems and climate change, which are also affected by the degradation of peat after use [9] . To reduce the environmental impact of floriculture production, it is therefore necessary to introduce and validate new alternatives to peat and formulate environmentally friendly substrates that maintain the quality of the crops in the substrates. Indications to reduce the use of peat in ornamental plant cultivation have also come from numerous European regulations implemented by the Italian Government [29, 30, 31, 32] . In fact, the Italian legislation on fertilisers [40] sets a threshold of 20% for peat content in soil improvers. The choice of components in growing media, however, is limited by technical and agronomic considerations, such as the characteristics and requirements of crops, health and environmental hygiene, the components' availability and cost and consistency over time of the characteristics. The replacement of a peat-based substrate with another that has reduced or zero peat content must not compromise the quality of crops, which is influenced by the molecular structure, the stability of the chemical properties and the hydrological and agronomic properties of the growing media [52, 6, 51] . The innovative substrates must be functionally equivalent to the peat-based substrates, with materials that can partially or totally replace peat. Numerous studies have been carried out on the partial or total replacement of peat by compost [66, 81] produced from sewage sludge [55, 53] , organic fractions of municipal solid waste [51] , manure [2, 26] , green waste [5, 35, 62] and agro-industrial waste [4, 34, 52, 70, 11] . Thus, the use of compost as part of the substrates can both reduce the exploitation of peatlands and increase the recycling of municipal, agricultural and agroindustrial waste. The use of substrates with compost in nurseries will therefore contribute to solving two pressing problems on a global level: the disposal of waste and limiting the extraction of peat [51] . Moreover, the presence of macronutrients in compost reduces fertilisation and irrigation, with positive effects on the costs and sustainability of floricultural products [87] . The compost, as an alternative to peat in the production of the substrates, thus assumes increasing importance [75] . However, the use of compost as a component of the substrates may cause some problems, such as high salt content [63, 14] , the presence of heavy metals [84] and not having suitable physical properties [59, 61] , quality or compositions. Compost from green waste, considered of good quality, has been successfully used as a component of growing media [37] . Green composted soil improvers (GCSI) were included among the organic matrices that can dial the growing media within Italian standards [41] .
The GCSI obtained as a result of the controlled transformation process and aerobic stabilisation of wood materials, leaves, twigs, grass and other plant residues is characterised by great variability in pH values, electric conductivity and nutrient content [38, 37, 78, 5] . The variability of the final product depends on the predominant vegetation in the area, the composting process and climatic conditions. The GCSI characteristics are closely related to the chemical composition of the plant material, availability of nutrients, C/N ratio, and amount of compounds that are recalcitrant to degradation. The physical properties affecting the compost include the vegetable fibre content, due to the characteristics of the plant tissues [33, 85, 86] . Such characteristics affect microbial activity and the speed and rate of decomposition, with important consequences on the structure, stability, hydrological properties (water retention), particle size distribution and chemistry of the compost to be used as a component of substrates. The environmental burden produced by composting green waste is mainly linked to its transportation from rural areas to treatment plants, the energy consumed for the grinding and the nitrogen compound emissions during aerobic treatment. Environmental analysis conducted on the composting process showed that the distance covered to transport organic wastes to be composted and the distances to the place of use for the compost produced [45, 46] strongly influence the carbon footprint of the process. The environmental burdens associated with composting waste can therefore be reduced through treatment and recovery in situ by cancelling or reducing the transport. Today, composting proximity plants are becoming popular for treating organic waste produced by small domestic communities or large non-domestic users. Proximity composting is at an intermediate level between home composting and composting in industrial plants, and may ensure the effective treatment of organic waste physically close to the place of production. The remoteness of rural areas from industrial composting facilities close to cities can make the installation of composters to serve one or more farms particularly interesting, from agronomic, economic and environmental points of view. The objective of this study is to quantify the benefits of proximity composting for nurseries. On these topics, the authors of this study have participated in the SEABIA (Ecological Substrates with Low Environmental Impact) project funded by the Italian Ministry of Agriculture (MIPAAF), in collaboration with a nursery in the area of Terlizzi, Bari, Puglia. The project, which lasted two years, aimed to introduce and spread the practice of proximity composting in nurseries and produce GCSI obtained from vegetable organic waste for use in growing media. These wastes were generated from agricultural activities in the nursery and in the rural territory of the neighbouring district. The project has allowed the reuse of organic waste and reduced the amount of peat used in cultivation substrates, with potential positive effects, both on nursery production costs and the environmental load of the productive cycle of ornamental crops. The qualitative and quantitative characteristics of nursery productions using substrates based on GCSI and with reduced or zero peat content were also preserved. This paper provides an analysis of the territory of a sample area consisting of 5 municipalities of the Puglia Region, which allowed the estimation of crop resi-dues to be used for proximity composting. Subsequently, in the farm participating in the project, a composting plant was installed, and the material and energy flows used were gathered. In order to quantify the environmental benefits of this procedure, an LCA on the self-produced compost and substrates was drafted. Lastly, agronomic tests of nursery productions were performed by comparing the quality of the crops through agronomic and physio-morphological tests. The results of the agronomic tests will be subject to further publication and will not be discussed in this paper, except for brief comments.
Land analysis on the availability of compostable waste
Agricultural and agro-industrial activities are characterised by the consistent production of waste, which is often managed in a manner that is incompatible with eco-systemic cycles, causing considerable contamination of environmental matrices. In particular, vegetable organic waste (plant pruning residues, pomace, vegetable and floriculture residues, etc.) is often improperly burned, generating emissions. The exploitation of agricultural and forestry waste biomass can be an important step, both for the direct combustion of chips and pellets [49] or as a means of electricity production through gasification [18, 19] . Improper burning of pruning residues resulted in 0.05% of greenhouse gas emissions in 2007 and contributes to the loss of soil organic matter. Because of the risks to ecology, health and public safety caused by the uncontrolled burning of green waste, current environmental legislation in Italy [42] defines this practice as an illegal form of disposal. Good farming practices, introduced by the European Agricultural Policy, prohibit burning crop residues to preserve organic substances in the soil and protect wildlife. Therefore, farmers have the problem of removing plant residues and are obligated to contact authorised recovery/disposal companies, with additional costs. Thus, the management of agricultural waste in rural areas is a complex issue that must be addressed thus as part of a proper coordination between territorial planning and integrated waste cycle [21] . The real assessment of the flow of agricultural waste can be carried out on a regional scale according to land use and production indexes of waste. In this paper the activities and the methodological procedures were oriented to determine the quantities available and the characteristics of the vegetable waste in a sample area around the farm nursery partner in SEABIA project.
A sample area of the Puglia region, made up of 5 municipalities (Figure 1 ), was analysed for the determination of vegetable residues on the basis of the use of agricultural surface. The calculation was made by applying the production indexes of waste biomass per unit area on the basis of the realised crops.
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Fig. 1. Sample area used for territorial analysis
The selected sample area includes the towns of Bitonto, Corato, Molfetta, Ruvo di Puglia and Terlizzi ( Figure 2 ) in Puglia, Italy. The area under study is characterised by a total area of 69,470 ha, a suburban area with a strong agricultural tradition, the presence of greenhouses and the absence of crop abandonment phenomena.
Fig. 2. Use of rural land in the sample area (regional digital map)
Re-use of agricultural biomass
1157
The analysis examined the agricultural land use, spatial distribution of agricultural crops and presence of greenhouses, tunnels and vineyards. It was conducted both in a GIS environment, with the aid of ArcMap software, and by means of visits to validate the cartographic data and the crop recognition. Specifically, the thematic map of land use of the Puglia Region was in 1:5,000 scale, which complies with the European standard of the Corine Land Cover Project, and regional digital colour map with a pixel resolution of 50 cm on Earth were used. Photo-interpretation and geoprocessing were performed on these maps to extract information on the surfaces intended for different agricultural land uses, including olive groves, vineyards, orchards, arable crops, horticultural uses and surfaces covered with greenhouses and screenhouses. The amount of plant residues generated within the study area was evaluated by applying factors of production that interconnect the spatial extent of the different cultivated areas to the production, by weight, of vegetable waste. The production coefficients of individual types of waste that characterise the different agricultural crops were thus identified and extrapolated from the literature ( Table  1) .
Tab. 1. Production coefficients of green waste per unit of cultivated area
Type of waste
Types of cultivation Production coefficients
Units
Bibliografic ref. In addition, samples of vegetable waste products in the nursery and in the adjacent rural areas were analysed from chemical and physical points of view.
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Results of the evaluation of green compostable waste
About 54,990 hectares of agricultural area is utilised in the district, which is intended for the cultivation of vegetable crops (330 ha) and floriculture (700 ha) in open fields and in greenhouses, cereals (13,730 ha), grapes (3,760 ha), olives (34,850 ha) and orchards (1,620 ha) ( Figure 2 ). The sample area produces about 73,000 t y -1 of green waste annually from pruning arboreal crops. Specifically, 59,000 t y -1 are due to pruning olive groves, 9,000 t y -1 from vineyards and 5,000 t y -1 from the orchards. The use of nurseries and olive crop pruning was expected for the self-production of compost. These biomasses were sampled and subjected to chemical and physical analysis at a laboratory. The results of these analyses are shown in Tables 2 and 3 . The results of the analysis show that the available vegetable waste was characterised by a high C/N ratio, compared to the optimum ratio of 25 [70] . The composting of these matrices can be characterised by an initial reduced decomposition rate and the immobilisation of nitrogen, resulting in no net mineralisation [34] .
Composting and proximity composting
Composting is defined as the transformation of raw organic substance in biologically stable humic substances [19, 57, 56] . The composting process reproduces, under controlled conditions, the natural decomposition and humification processes of organic substances [88] through the combined action of microorganisms and chemical and physical reactions. Specifically, the entire composting process is implemented by microorganisms which constitute the microbial ecosystem (bacteria, fungi, actinomycetes, protozoa and macrofauna). The evolution of the biological and biochemical reactions which characterise the composting process is related to chemical and physical parameters such as humidity, pH and ratio of C/N in the treated waste [74] . A proper composting process requires adequate aeration of the mass, an appropriate apparent density, good microbial activity, a high concentration of oxygen and a humidity range of 40-60% [73] . From a management point of view, the entire composting process can be divided into two distinct periods: the period of active composting, substantially comprising the mesophilic phase of latency and the thermophilic stabilisation phase, and the period of curing, corresponding to the cooling and mesophilic maturation phases [36; 80] .
Composting determines the mineralisation of organic matter, the reduction of pathogens, the production of humic acids and the obtaining of a stable final product. The composting process may be carried out in industrial plants with high potential for the treatment, in domestic composters and in modern proximity electromechanical plants with treatment capacities of up to 25 t y -1 . Proximity composters are automatic composting facilities which allow the closing of the cycle of organic waste at the place of production. In proximity composters, the biooxidation process for the organic substance is automatically controlled. The turning and advancement of the organic material are affected by an electromechanical system with blades. Heating is provided by electrical resistors and is controlled by a thermostat, while the handling is done by turning the mass of waste at intervals to ensure optimal oxygenation and the reduction of the size of the particles for decomposition. Proximity composters are also equipped with an automatic ventilation system with outside air intake and injection into the composting chamber with recirculation. The bio-stabilised organic material leaves the composter after 8-10 weeks and can be placed in heaps for the final maturation phase. Therefore, proximity composting allows for subtracting organic wastes from the collection, transport and treatment circuit in industrial plants while simultaneously producing on-site soil improvers to be used in the agricultural soil or as components of substrates. For these reasons, the transport of organic wastes from the production site to industrial composting facilities is reduced, with a corresponding decrease in CO2 emissions from transport. About 700 proximity composting plants are currently in operation in Northern Europe for treating organic waste products, primarily in urban areas or hotels, restaurants and canteens. In this context, in order to create composted soil improvers from the organic waste of agroindustrial processes, installing proximity composting plants can be profitable for farms located in rural areas. In this way, the farms can obtain economic benefits attributable to the missed conferment of organic waste (80-120 € t -1 ) and selfproduction of soil improvers composted with qualitative characteristics in line with those available on the market (10-20 € t -1 ). The investment for acquiring proximity plants can be recovered in a period of 3 to 6 years.
Installation of a proximity composting plant in a farm
Fig. 3. Composter Comar Ecology Beetle 50 installed at the nursery
The activities carried out in the nursery were focussed on the design, organisation, installation and commissioning of a proximity composting plant to produce compost from vegetable waste matrices. After analysing the costs and technical characteristics of different proximity composters, the Comar Ecology Beetle 50 ( Figure 3 ) was chosen. Prior to installation, the legislation on waste management [42] was reviewed to find any legislative requirements. The composter was installed inside of the greenhouse, in a covered storage area with non-transparent material (Figure 4 ). This area is used as a functional space for farming activities carried out in the greenhouse. A Honda GX340 shredder was also used to shred waste wood. Inside the nursery, the areas dedicated to the temporary storage of vegetable biomasses to be composted have also been identified. The installation of the composting plant was not subject to any environmental authorisation because the green waste is produced in the nursery's exclusive property and soil, and the compost will be used only for internal company requirements. The gaseous emissions of the composting process are partly fed back into the composting chamber and partly released through the ventilation chimney in the greenhouse. The released air is characterised by elevated temperature (50 °C) and the presence of biogenic carbon dioxide. These characteristics make the composter emissions compatible with the air quality requirements in the greenhouse. In particular, the composter's emissions can help ensure suitable greenhouse, carbon dioxide concentration and temperature requirements for cultivation. The wastewater products from the composter consist of condensation and water released from organic matrices in the bio-oxidation process, which constitute the leachate. The leachate is partly evaporated and in part automatically sprayed onto new biomass inserted into the composting chamber. The produced compost is collected in a container and placed outside of the greenhouse for maturation before being used as a component of the cultivation substrates with reduced peat content.
Analysis of fertilisers and growing media used in the nursery
In order to improve the agro-ecological management of the crops grown in the nursery, the crop species were registered, and the consumption and characteristics of the substrates and fertiliser used in the growing cycles were analysed. Gardening greenhouse productions are characterised by resource consumption (of electric energy, fertilisers, substrates, fuels, water, chemical reagents, etc.). This can result in significant pressures on environmental matrices, if handled improperly. The fertilisers and the inputs of the substrates used in the nursery's cultivation processes were analysed. Furthermore, the inputs of the crop production were collected to produce new substrates that are functionally equivalent to those currently used. This activity is functional to formulate a real alternative to conventional substrates based on peat, without compromising crop characteristics. The farm, a partner of the SEABIA project, currently produces 350 species of ornamental and Mediterranean plants from seed or seedlings. The cultivation of these plants requires growing media with adequate water retention capacity and aeration to ensure a continuous supply and availability of nutrients. The availability of nutrients depends on the composition of the substrate beyond other chemical/physical characteristics, such as the pH, the absorption capacity, the stability of the organic substrate and the presence of organic substances [12] . These characteristics should be stable throughout the plant breeding cycle [16] . Suitable growing media for grown ornamental species must have chemical/physical characteristics that correspond to those identified by Chen et al. [17] and explained in Tables 5 and 6 . In addition, the use of optimal substrates allows for reduced water consumption and fertilisation. 
The compost in nursery substrates
Recent papers have shown the the ability to grow ornamental plant by means of substrates based on peat, compost, and inert with results similar to substrates containing peat entirely [22, 66] . Compost is becoming increasingly important thanks to the results that have been achieved [75] . This trend is demonstrated by the increased usage of composted organic matter in constituting both hobby and professional substrates [76, 8] . Appropriate mixing ratios between composted soil improvers and inert substances (sand, pumice, perlite) may allow the formulation of substrates with agronomic properties (water retention) and fertilisers (with the presence of humic acids and minerals in elemental form) that result in optimal crop growth during all of the vegetation phases. For the experiments carried out, the nursery's waste and the pruning of olive trees were used to initiate the composting process. These green wastes were collected, stored in the farm area, shredded and placed in the composter. The composting process was constantly monitored and managed to achieve an environment in the proximity composter that is suitable for the activity of decomposing microorganisms. The chemical characteristics of the organic matrices have made necessary the additivation of nitrogenous fertiliser (urea), to reduce the initial C/N initial ratio. A high concentration of carbon decelerates microbial activity, with negative effects on the compost's stability. Urea, a rich source of nitrogen (N 46%), increases the biodegradation activity and reduces waste by mass [44, 83] . The disadvantage of the addition of urea is the increment of losses due to the volatilisation of ammonia [77] . The amount of air introduced into the composting chamber was handled to ensure humidity of between 50 and 70% to benefit microbial activity. At the end of the process's active phase (15 days), the bio-stabilised organic material was collected in a container and subjected to the maturation phase for 120 days. The analyses on the obtained compost are reported in Table 7 . 
Tab. 7. Chemical properties of green self-produced soil improvers
The self-produced substrates for testing
Four substrates based on green compost (C), peat (Pe) and pozzolan (Po) were produced, the compositions of which are shown in Table 8 below by volume (v: v: v). As a reference, the "Primavita" substrate (S4), which is normally used in the nursery, was also compared. The five substrates have the characteristics and general requirements that a good-quality substrate must have for cultivation: water retention capacity, capillarity, drainage, texture and good aeration, chemical constitution and physical stability, absorbency, pH, nutrient contents, biological inertness and low cost. Agronomic tests were carried out on these substrates, which will be the subject of a further publication. The main results will be treated in paragraph 8, together with the LCA analysis results for an overall judgment. 
Environmental analysis of nursery productions with substrates based on compost
Inventory data and methodology analysis of the results
To draft an LCA on the compost and growing media, the authors used company data on the nursery's production (primary data). These data were included in the Gabi6 software to prepare plans to reproduce the environmental loads for all phases of the production process and quantitatively show the inputs and outputs of each sub-process analysed. In the drawn up plan, secondary data were added to the primary data, including the environmental loads generated by the products coming from the technosphere, such as electricity, steel and concrete.
The substrate production process for the LCA
The compost production process was divided into seven phases to simplify the preparation of plans for the LCA analysis: 1. Transportation of green waste in the nursery (15 km) 2. Shredding of pruning 3. Mixing of green wastes 4. Loading of the biomass in the composter and starting the process; temperature control by means of air blown from the ventilators and electric heaters 5. Emptying of the composter; turning of biomass 6. Biomass maturation. At the end of the required 120 days, the organic substance stabilised, and defined compost obtained. 7. Storage: The compost obtained is stored in the nursery for use in the substrates.
The composter's energy consumption and mass were evaluated. The "general agricultural machine" process, with a useful life of 15 years, was used for the composter production.
Compost production process: purpose, system boundaries, functional unit.
The purpose of the analysis was to evaluate the self-composting process carried out in the nursery, the partner of the SEABIA project, and later to evaluate the environmental profile of the substrates used in the agronomic tests.
For the compost process, the functional unit was defined as 1 kg of compost produced, while for the substrates, named according to their content by volume, the functional unit was equal to 1 kg of the product substrate.
Tab.9. Quantity and transport of the organic matrix used for the self-composting process The system boundaries were represented by all of the necessary inputs to the process and the proximity composter. For the substrates, compost, peat, pozzolana, perlite and their transport from the production site were also considered ( Table 9 ). The self-produced compost from the nursery had the components listed in Table 9 as inputs. The woody matrices and the residues from the pruning at the nursery undergo a 35% reduction in weight due to the composting process. Based on the C/N ratios found in the analysis (Tables 2, 3) , at an average of C/N = 88, the initial matrices needed to be mixed with urea. This allowed optimal values approximately equal to C/N = 30 to be obtained for the self-produced compost. In industrial composting facilities, this occurs by mixing sewage sludge and/or municipal solid wastes (MSW) with vegetable organic waste. In nurseries, sludge obtained from Imoff tanks for the farm's wastewater, which is currently treated with phytoremediation, could be used. In the activities of the SEABIA project, this additivation was performed by adding urea ammonium nitrate to pruning due to procedural needs. In the LCA, an electricity consumption of 0.21 kWh per kg of compost produced, which the shredder and composter require to function, according to powers and times of use of the two machines, was considered. For urea, the "urea ammonium nitrate at local storehouse" process [24] was used, and therefore a 30 km transport was considered. The emissions from the selfcomposting process were considered to be similar to those of the ordinary process conducted in outdoor facilities, with the exception of the leachate caused by rain. Leachate treatment was not considered because the proximity composter reuses the leachate on new masses that enter. Table 10 shows the results of the LCA on the self-production of nursery compost (Compost_pr). The results were compared with those of a composting process carried out in an open plant with bio-cells (Compost_op) [24] . It should be noted that, for the environmental indexes ADP and ODP, and the primary energy PED, a greater environmental load appeared for the self-produced compost. This is attributable to the use of urea chemical fertiliser. For the AP, EP, GWP, ODP and POPC indexes, the self-produced compost resulted in reduced environmental burdens compared to conventional compost. This shows how, despite the use of fertiliser, significant environmental benefits are found, and the use of sewage sludge instead of urea by the nursery could increase these benefits.
Environmental results of the compost production process
Tab.10. Environmental indexes and primary energy for the compost produced in a conventional manner (compost_op) and self produced compost (compost_pr). 
Compost_op Compost_pr
Subtraction of avoided environmental burdens in using compost as a component of the substrates
In processes where organic waste are reused and would have a different environmental fate than to return to the soil, such as burning or landfilling, the subtractions of avoided environmental loads can be calculated. These subtractions are possible because, in the LCA analysis, different authors have evaluated how to quantify the many benefits that the application of compost to the soil provides [45] . The reductions made in the present study are based on the storage capacity of the organic matter in the soil and the fertilising power that biomass waste may have [69, 45, 82, 7] . The avoided environmental burdens used in this paper come from extending the boundaries of the system to use the compost as a soil improver or a constituent of substrates. In fact, the compost has fertilising power thanks to the presence of mineralised nutrients in it. This reduces the fertiliser use in subsequent cultivation processes. Another advantage is the carbon dioxide sequestration in soils or substrates (as a carbon sink), which avoids further emissions into the atmosphere [82] . To these benefits of compost, one can add the reduction of irrigation water needed, the improved structure and drainage of soils and increased organic matter, but these additional benefits are difficult to quantify in a LCA study [47] . Therefore, in this paper, a scenario was analysed in which it is possible to consider the compost, along with the avoided environmental loads Compost_ab (compost avoid burns). This scenario was also created to investigate the substrates more carefully. The first deduction, based on the fertiliser compost power, assumes a nitrogen content of 1.9 kg tC -1 , a phosphorus content expressed as P2O5 equal to 3.3 kg tC -1 and a potassium content expressed as K2O equal to 5.2 kg tC -1 [82] . These quantities of macroelements were made to be equivalent in nitrogen content of urea (46%) and a mixture of phosphate rock (32.4%) and potassium chloride (60%). These components were used to form a fictitious fertiliser, Re-use of agricultural biomass 1167 which has identical fertiliser compost power. This fertiliser was deducted from the production process of the substrates, compared to the amount of used compost. This deduction is applied to the production of substrates and not to the next plant cultivation cycle. The second environmental load subtraction applied in the present study was based on the "carbon sink" caused by the compost and depends on numerous factors, including the quality of the compost, the quantity applied, climatic factors and the type of soil. Among the numerous studies on this subject, in this analysis, the authors chose the average value proposed by Blengini [82, 7] equal to 173 kg CO2-Eq tc -1 . Therefore, based on the quantity of compost used in the substrate, a corresponding amount of carbon dioxide was hypothesised to be removed from the atmosphere due to storage in the substrate. This subtraction only affected the environmental index GWP.
LCA of self-produced substrates
The substrates compared are reported in Table 6 . The S4 substrate is usually used by this nursery, and is purchased as a commercial product. The S4 substrate was compared with the self-produced substrates for the project. The other substrates were chosen because the agronomic tests showed that they were substrates that could obtain morphological quality for crop species, similar to those obtained with the conventional substrate made of peat. With avoided burdens ("ab"), the substrates were named and calculated according to the avoided environmental load of compost they deducted. For peat, a transport operation of 800 km by rail and 300 km by articulated lorry was considered. For pumice and perlite, a transport operation of 400 km by articulated lorry was considered. The self-produced compost in the nursery had no transportation operations. These distances were the geographical location of the nursery to the supply points of these components (the Baltic states and Campania Region, Italy). The use of fuels with biofuel fractions involved a negative load for the POPC index.
Analysis of the substrates' environmental performance and discussion
Table11 shows the environmental loads of the analysed substrates. Figures 5  through 11 report the results, divided according to each environmental index. Please note that negative values of the environmental indexes correspond to environmental benefits, while positive values correspond to environmental loads. For all of the environmental indexes, the Pe80_C0_Po20 and Pe80_C0_Po20ab substrates were equal due to the absence of compost in their composition. Subtracting the environmental burdens for ODP ( Figure 9 ) had no effect, since there were no influential emissions on this index. For the ADP index ( Figure 5 ) and primary energy consumption (PED) of conventional substrates (black) (Figure 11 ), we observed that increased percentages of compost decreased the resources and energy used, respectively. Analysing the thesis with the subtraction of avoided environmental burdens (oblique lines), for the ADP index, the reductions grew as the presence of compost increased, up to 22% for thesis S3 (Pe20_C60_Po20). Finally, the large difference should be emphasised between the commercial substrate (grey) and the self-producedsub-strates for all of the environmental indexes and also for the PED. For environmental indexes AP, EP and POPC (Figures 6.7, 10 ) an increase due to the compost content of the substrates was observed, caused by the emissions of the compost production process. For the AP index, the thesis with the presence of compost had a higher environmental load than the commercial substrate, as well as for the EP index, except for the Pe60_C20_Po20 substrate. The environmental index GWP ( Figure  8 ), which determines the carbon footprint of the substrates, was influenced by the subtraction of the avoided loads. The conventional theses (black) increased the emissions as the percentage of compost increased but always remained lower than the commercial substrate (grey). Analyzing the thesis with avoided environmental burdens (lines), it is possible to observe a significant reduction in CO2 emissions. The Pe20_C60_Po20ab (Figure 8 ) substrate has virtually zero CO2 emissions. For conventional theses, the use of compost in the substrate caused a positive effect on the ADP and GWP indexes and the PED, but an adverse effect on the AP, EP and POPC indexes. The ODP was not influenced by the presence of the compost in the substrates but was much lower than the thesis of the commercial substrate. The scenario analysis conducted by subtracting the avoided environmental burdens was very favourable for the ADP and GWP indexes. The carbon footprint was almost nothing for compost content from 60% by volume, and the consumption of PED was very low when compared with the commercial substrate.
Environmental and agronomic evaluations
When examining the morphological and physiological characteristics of L. camara, a higher overall quality was found for plants grown in substrate S2 = Pe40_C40_Po20 than those grown in other substrates. The results for the rosemary showed that the S2 = Pe40_C40_Po20 substrate allowed for better plant quality and higher fresh and dry weights for the leaves and branches, while substrate S1 = Pe60_C20_Po20 was more effective for the root system and had properties similar to the S0 substrate for the fresh and dry weights of leaves and branches. In an examination of the morpho-physiological characteristics of lantana plants, it appeared that plants grown in substrate S3 = Pe20_C60_Po20 showed higher overall quality than those grown in other substrates. The environmental analysis affirmed that the S2 = Pe40_C40_Po20ab substrate had a primary energy consumption that was 20% of the commercial substrate's and a carbon footprint that was 13% of the commercial substrate's. Therefore, it is desirable for nurseries to use it. The substrate S3 = Pe20_C60_Po20 also manifested environmental advantages, with PED equal to 11% of the commercial substrate and carbon footprint of almost zero. The S1 = Pe60_C20_Po20 substrate was less profitable than the previous one, which contained a higher compost content. It was equally more favourable to the environment, for GWP, ADP and for PED, compared to the commercial substrate.
Conclusion
This research, which was performed as part of the SEABIA project, demonstrated that self-composting is feasible for nurseries, with inexpensive and simple procedures, based on the supply of organic matrices available in the territory. The agronomic tests on the analysed ornamental species revealed that production quality is not affected by the partial replacement of peat with compost. The LCA showed that substrates can be self-produced with low or no carbon footprint, low primary energy consumption and modest use of abiotic raw materials, when compared with the commercial substrate used in conventional productions. The self-composting process in nurseries using the sludge produced for self-purifying waste water, instead of chemical nitrogenous fertilisers, could further improve the results achieved. The proximity composting process and the production of substrates are therefore applicable and affordable for nurseries.
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